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670a Wednesday, February 29, 2012plasma membrane of the axon terminals contribute to the shaping of signaling
to post-synaptic neurons.
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Acute Damage to Synaptic Ribbons Differentially Affects Evoked and
Spontaneous Neurotransmitter Release from Rod Bipolar Cells
Bhupesh Mehta, Josefin Snellman, David Zenisek.
Yale University School of Medicine, New Haven, CT, USA.
Ribbon synapses are features of non-spiking tonic releasing cells of the retina
and inner ear. These synapses are named for their electron dense synaptic rib-
bons, which tether an abundance of synaptic vesicles near release sites. Here,
we used illumination of fluorescein-tagged ribbon-binding peptides to acutely
damage synaptic ribbon function in mouse rod bipolar cells using fluorophore
assisted light inactivation (FALI), while monitoring neurotransmitter release
from a post-synaptic AII amacrine cell. Illumination of ribbon-targeted pep-
tides, but not scrambled controls, revealed an immediate drop in the frequency
and amplitude of mEPSCs at 60 mV without effect on the event kinetics,
whereas the amplitude of the first EPSC evoked by a step to 10 mV for
100 ms was unaltered. These results suggest that two independent ribbon-
associated pools of vesicles contribute to release at 60 mV and in response
to steps to 10 mV. Our results are also consistent with a role for the ribbon
in coordinating multivesicular release.
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A Catalytic Slot Model for Exocytosis with a Single Release Sensor
Alexander M. Walter, Jakob B. Sorensen.
Department of Neuroscience and Pharmacology, University of Copenhagen,
Copenhagen, Denmark.
Regulated secretion occurs on different timescales: fast (synchronous) release
is mediated by high-release probability vesicles, whereas vesicles with low re-
lease probability contribute to slow (asynchronous) release. Current models of
exocytosis incorporate parallel calcium-sensors, to account for the slow release
remaining after deletion of the fast sensor. However, the identity of the slow
calcium sensor remains elusive, and no molecular manipulation has been iden-
tified, which eliminates slow, but not fast release.
Using mathematical modeling we found that a simpler, sequential model with
only a single release sensor suffices to describe previously obtained data in
chromaffin cells and neurons: we suggest that during maturation vesicles asso-
ciate with a catalyst at the release site. This catalyst facilitates priming by a cal-
cium-dependent increase of the interconversion rate between un-primed and
primed vesicles without changing the population of those states in equilibrium.
We suggest that the calcium sensor for exocytosis (usually assumed to be
synaptotagmin-1 or 2) regulates release by two distinct actions. It facilitates
priming while clamping release in a calcium-independent manner. Calcium-
binding to synaptotagmin relieves the clamp. In the absence of synaptotagmin
spontaneous fusion depletes the primed vesicle state, thereby uncovering the
upstream calcium-dependent catalysis step as the slow calcium sensor de-
scribed in synaptotagmin nulls.
The model can explain salient observations, including calcium-dependence of
pool sizes in chromaffin cells, fusion and recovery kinetics, and it accounts for
a number of observations not easily explained in earlier models, including sub-
maximal release (decreased fraction of fast/slow release at low calcium concen-
trations) and the phenotype of synaptotagmin knockouts when stimulated by
high-frequency trains.
We suggest that slow release is not mediated by a parallel-acting, competing
sensor, but by an upstream calcium-dependent catalysis step, making slow re-
lease a fundamental property of fast release itself.
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Soluble NSF Attachment Protein Receptors (SNARE) complex is known as the
minimal machinery for synaptic vesicle exocytosis in neuronal communication.
The conformational transition from ‘‘trans’’ to ‘‘cis’’ form of SNARE complex
is an essential step of a Ca2þ triggered vesicle fusion to release neurotransmit-
ters. Until recently, it has been debated whether the trans-SNARE complex is
fully-zipped or partially-zipped before transition toward cis-form. We observe
from nano-mechanical measurement by magnetic tweezer that a single soluble
SNARE complex shows a sequential two-step unzipping, about 10nm each. It
implies that trans-SNARE complex could be partially-zipped when force isapplied like the hydration force between lipid bilayers. Other neuronal proteins
might act on the unzipped domain to clamp trans-SNARE complex before con-
formational transition to cis-SNARE complex.
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Effects of Presynaptic Calcium Stores on Short-Term Synaptic Plasticity
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In reconstructions of hippocampal neuropil, Smooth Endoplasmic Reticulum
(SER) appears in a majority of the presynaptic terminals. In the presence of on-
going electrical activity, Inositol Triphosphate Receptors (IP3Rs) on the SER
initiate a positive feedback loop that can lead to release of calcium from the
SER via an IP3-mediated pathway. We investigated how the presence of this
additional source of calcium in addition to the Voltage Dependent Calcium
Channels (VDCCs) can regulate synaptic transmission. We carried out 3D
Monte Carlo simulations of the molecular interactions that govern transmitter
release in a 1) Canonical CA3-CA1 synapse 2) Synapse reconstructed from se-
rial section Transmission Electron Microscope images. The relatively simple
geometry of CA3-CA1 synapses allows activity-dependent local calcium at
the active zone and the related transmitter release profiles to be quantitatively
analyzed. In paired-pulse stimulation, the presence of molecular pathways that
regulate the calcium stores increased the calcium buffering capacity of the syn-
apse, which decreased the initial release probability and enhanced paired-pulse
facilitation. In contrast, a high-frequency stimulus could trigger the activation
of presynaptic Metabotropic Glutamate Receptors (mGluRs) leading to IP3
production and ultimately to release of calcium from the SER. IP3Rs operated
at a much slower time scale, on the order of seconds compared to the millisec-
ond timescale of the VDCCs. This led to an increase in the basal level of intra-
cellular calcium and enhanced transmitter release rates. We further explored
the functional implications of the range of SER geometries observed in the syn-
aptic ultrastructure and the effect of different arrangements between IP3Rs and
VDCCs on synaptic plasticity. The synaptic ultrastructure precisely orches-
trated the degree of facilitation and depression and the existence of presynaptic
calcium stores provided the synapse with an additional intrinsic time scale that
could be regulated by activity.
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Post-synaptic currents (PSCs) were recorded using whole cell voltage clamp to
examine excitatory responses of the neuro-muscular junction to infrared pulses
(1862nm, 200ms/pulse, 5-30 pulses/s, 20-1000 mJ/pulse over 125 nm2). In wild
type Caenorhabditis elegans, optical stimuli excited the post-synaptic cell by 1)
immediate opto-mechanical triggering of pulse-by-pulse miniature excitatory
currents (mLEC) with 0.7ms latency to peak and 2) relatively slow (t~1.3s on-
set) thermodynamically driven reduction in a tonic outward rectified Kþ current
(LTC). The same optical stimuli acted on the pre-synaptic neuron to 3) rapidly
increase the rate of synaptic vesicle release and the rate of miniature PSCs
(mPSCs). In addition, mPSC kinetics were increased with infrared stimulation
resulting in a decrease in average charge per event from 52 to 32fC. The pulse-
by-pulse mLECs were enhanced in muscle degenerin gain of function mutant
(unc-105) suggesting the fast response was due to opto-mechanical activation
of the degenerin stretch receptor. The slow tonic current (LTC) reversed at
the Kþ equilibrium potential, exhibited a highly rectified outward conductance,
and a thermal-dependent closure analogous to shaker related channels includ-
ing Kv1.1. In the pre-synaptic neuron, the spontaneous rate of synaptic vesicle
release and the laser-evoked increase was nearly eliminated in a loss of function
mutation of the voltage insensitive cation leak channel (unc-77, nca-1). The in-
creased mPSC rate (presynaptic action) and reduction in the tonic outward Kþ
current (post-synaptic action) contributed in nearly equal proportions at
60mV holding potential and accounted for over 90% of the total laser-
evoked PSC. [Supported by NIH R01 DC006685 & R01DC011481]
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Wednesday, February 29, 2012 671aHypothalamic neurons defined by the expression of RIPCre transgene have been
suggested to control body weight. However, which RIPCre neurons regulate en-
ergy expenditure, and via release of which neurotransmitter, is presently un-
known. This study revealed that acute activation of arcuate RIPCre neurons
innervated NTS/DMV-projecting neurons in the paraventricular hypothalamus.
Thus, as additional neurons to those expressing POMC or AgRP, RIPCre neu-
rons in the arcuate play important roles in regulating energy expenditure via re-
leasing GABA. To assess the mechanism and function of RIPCre neurons,
animals with disrupted neurotransmitter release (GABA or glutamate) from
these neurons were generated by crossing RIPCre transgenic mice with lox-
vGAT(vesicular GABA transporter) or lox-vGlut2 (vesicular glutamate trans-
porter) mice. Combined with patch-clamp recordings, and channelrhodopsin2-
assisted circuits mapping (CRACM), this study has explored the neural circuitry
involving ARC-RIPCre neurons in regulating energy expenditure. On the other
hand, the Cre-dependent halorhodopsin (eNpHR 3.0) expression has been tested
following AAV-injection into the arcuate of Agrp-ires-Cre mice. In brain slice
preparations, it has been confirmed that yellow light repeatedly and reversibly
hyperpolarizes and silences AgRP neurons expressing NpHR. Our study sug-
gests that the ChR2/Halo system constitutes a powerful toolbox enabling photo-
stimulation and photoinhibition in genetically-specified neurons, enabling the
systematic analysis of neural circuits.
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The Relationship Between Conduction Velocity and Atrial Arrhythmoge-
nicity under Conditions of Altered Ca2D Homeostasis in RyR2-P2328S
Murine Hearts
James Harmsworth King, Yanmin Zhang, Chris Huang, James Fraser.
University of Cambridge, Cambridge, United Kingdom.
Atrial fibrillation (AF) is a significant contributor to mortality and health care
expenditure; it is associated with abnormal sarcoplasmic reticulum (SR) Ca2þ
release through cardiac ryanodine receptors. The initiation of AF requires an
ectopic action potential (AP) triggered within a substrate of atria conducive
to the formation of re-entry circuits. The present experiments explored whether
increased diastolic SR Ca2þ release might contribute to atrial arrhythmogenic-
ity in homozygotic gain-of-function RyR2-P2328S mice (RyR2s/s).
Electrocardiographs and intracellular APs were recorded from Langendorff-
perfused hearts at regular 8 Hz (S1) stimulation. RyR2s/s hearts showed depo-
larised resting membrane potentials that were associated with an increased
incidence of ectopic APs and sustained tachyarrhythmias. During regular stim-
ulation, the RyR2s/s showed reduced epicardial conduction velocities (CV),
measured using a 64-electrode array, that corresponded with reduced S1 AP up-
stroke velocities ((dV/dt)max).
When ectopic (S2) APs were imposed during S1 stimulation at progressively
shorter S1S2 intervals, the inter-atrial CV and dV/dt(max) of the S2 APs de-
creased with each successive interval. Moderate reductions in S1S2 interval
provoked sustained tachyarrhythmias in RyR2s/s hearts, whereas significantly
shorter S1S2 intervals were required to provoke arrhythmias in WT hearts. In-
terestingly, the mean S1S2 interval required to provoke an arrhythmia in each
variant resulted in similar inter-atrial CVs and dV/dt(max).
These findings suggest that triggered activity is likely to lead to a sustained
tachyarrhythmia in murine atria only when the CV of an ectopic AP is slow
(<~1.1 m/s). We have shown this is more likely to occur in RyR2s/s atria where
increased diastolic SR Ca2þ release is associated with both increased ectopic
APs and an intrinsically slow CV. We therefore suggest that abnormal Ca2þ
homeostasis contributes to both the trigger and the re-entry substrate in sus-
tained atrial tachyarrhythmias.
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Flash photolysis of caged-compounds (i.e. photoactivatable compounds) allows
one to interact with tissue by controlling the release of bioactive components,
both spatially and temporally. The use of ultraviolet light-emitting-diodes (UV
LEDs) for uncaging such compounds in cells has recently generated excite-
ment, since LEDs offer high-speed control and are low cost.Traditional methods for simultaneous imaging of intracellular calcium tran-
sients (CaT) and membrane voltage (Vm) are technically challenging and re-
quire the use of two cameras. We developed a single-camera (Cascade
128þ; Photometrics) approach that images rhod-2 (CaT) and the new near-
infrared di-4-ANBDQPQ (Vm), without cross-talk. The technique relies on
the isosbestic-point of di-4-ANBDQPQ, a custom-built multi-band optical filter
(Chroma Technology) and visible LEDs (Luminus Devices). As the excitation
wavelengths of these dyes are significantly longer than those needed to photo-
activate caged-compounds, we combined them with a UV-sensitive calcium
buffer (NP-EGTA; Invitrogen) to locally modulate free calcium in
Langendorff-perfused rat hearts (N=3, Wistar-rat female).
We demonstrate local uncaging of calcium by photo-inhibition of NP-EGTA
with a powerful 365nm UV LED (Nichia), while simultaneously imaging
CaT and Vm (128x128 pixels; 511 frames-per-second). CaT (shape and kinet-
ics) were dramatically altered, in keeping with reported effects of EGTA-AM
in whole-heart studies. The kinetics of CaT recovery changed from biphasic (in
the presence of functional EGTA) to monophasic (after photo-inhibition of the
buffer), and CaT duration increased.
In summary: Caged-compounds can be used in multi-cellular preparations like
the whole-heart to investigate the effects of spatiotemporal perturbations of
bioactive compound concentrations, such as calcium buffers, and this approach
can be combined with simultaneous measurement of CaT and Vm.
Supported by NIH grant EB001963; Human Frontier Science Program grant
RGP0027/09; The Clarendon Fund Scholarship; and The British Heart
Foundation.
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Ca2D/Calmodulin-Dependent Protein Kinase II (CaMKII) Activity Modu-
lates Sinoatrial Nodal Pacemaker Cell Energetics
Yael Yaniv, Harold A. Spurgeon, Bruce D. Ziman, Edward G. Lakatta.
NIA/NIH, Baltimore, MD, USA.
In rabbit sinoatrial node cells (SANC), high basal (i.e., without b-adrenergic re-
ceptor stimulation) Ca2þ activated adenylate cyclase (AC) via cAMP/PKA-
CaMKII-dependent protein phosphorylation guarantees the occurrence of
rhythmic intracellular Ca2þ release from sarcoplasmic-reticulum which drives
spontaneous action potentials (APs). This high-throughput signaling consumes
ATP.We have previously demonstrated that basal AC-cAMP/PKA signaling di-
rectly, and Ca2þ indirectly, not only consume ATP, but also regulate mitochon-
drial ATP production. A role for CaMKII in regulation of SANCATP supply has
not been explored. Based upon its involvement in the aforementioned phosphor-
ylation signaling cascade we tested the hypotheses that, basal CaMKII activity
not only regulates ATP consumption, but also ATP production. We superfused
single, isolated rabbit SANC or SANC suspensions with CaMKII inhibitors
(KN-93 or autocamtide-2 Related Inhibitory Peptide (AIP)) and measured cyto-
solic Ca2þ, cAMP, energetic indices and spontaneous AP firing rate. A partial
reduction in basal CaMKII activity by KN-93 (0.5 mmol/L) or AIP (2 mmol/L)
markedly slowed the kinetics of intracellular Ca2þ cycling and decreased the
spontaneous AP firing rate. Further suppression of CaMKII activity (KN-93
3 mmol/L; AIP 10 mmol/L) to a level that eliminates all spontaneous APs, de-
creased the cAMP level and reduced O2 consumption and flavoprotein fluores-
cence. ATP was depleted,even though the ATP demand decreased. The
structural inactive analog of KN-93, KN-92, neither decreased ATP demand
(no effect on spontaneous AP firing rate) nor ATP turnover. Therefore,CaMKII
signaling is required not only to drive normal automaticity in rabbit SANC, but
is also tightly linked to SANC bioenergetics. Future studies are required to deter-
mine whether this link between CaMKII signaling and mitochondrial energetics
occurs indirectly, via changes inCa2þ release that affects activation of Ca2þ-AC-
cAMP/PKAsignaling, or directly, via phosphorylationofmitochondrial proteins.
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Physiologically Suppressed by Constitutive Phosphodiesterase and Protein
Phosphatase Activity
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Stochastic, spontaneous, local RyRs activation underlies basal ‘‘Ca2þ sparks’’
in ventricular myocytes (VM). We have previously shown that addition of ex-
ogenous cAMP to saponin-permeabilized rabbit VM synchronizes stochastic
Ca2þ sparks into rhythmic local Ca2þ releases. We hypothesized that in the
basal state VM have an intrinsic ability to self-organize spontaneous RyRs ac-
tivation and synchronize Ca2þ releases but this self-organization is suppressed
by endogenous phosphodiesterase (PDE) and protein phosphatase (PP) activity,
permitting only the rare and stochastic occurrence of Ca2þ sparks. We found that
